Polymer coated urea (PCU) have the potential to increase nitrogen (N) use efficiency (NUE) by the release of N following crop demand while reducing losses by volatilization, leaching and denitrification. However, the NUE of PCU is still unclear especially in systems of corn-palisadegrass intercropping. Broadcast application of urea result in ammonia volatilization losses, new technologies must be adopted in order to allow broadcast application of urea. The aim of this research was to evaluate NUE from PCU in the corn-palisadegrass intercropping system and the viability of the broadcast application using PCU. Two field trials were carried out in a 4 × 2 factorial design including fertilization treatments and application forms. Fertilization treatments were: Conventional Urea topdressing (CUT); Conventional Urea at corn planting (CUP); PCU applied at planting to release in 30 days (PCU30); PCU mixture applied at planting to release in 30 and 60 days (PCU30+60); and application forms: broadcast placement and in furrow. 15 N-urea was used for the determination of NUE. The corn yield and palisadegrass above-ground biomass were not affected by the fertilization treatments or application forms. PCU did not increase N uptake and the NUE by corn or palisadegrass in relation to urea. The N uptake from fertilizer by palisadegrass intercropped with corn is less than 1% of all N uptake on the intercropping system and at most 2% of the N fertilizer applied. The slow release urea does not enable the broadcast application and its efficiency depended upon the same climatic conditions as those of the conventional urea.
Introduction
The Enhanced Efficiency Fertilizers (EEFs) come with the assertion of increased Nitrogen use efficiency (NUE) by reducing losses from leaching, volatilization and nitrous oxide emissions or by increasing plant uptake through gradual supply.
Urea (U) is the most widely N fertilizer used in Brazil, but broadcast application of U result in ammonia (NH 3 ) volatilization losses that average 30% (Silva et al., 2017) . Incorporation of U is effective to reduce losses, but have the constraint to reduce operational throughput. New technologies must be adopted in order to allow broadcast application of urea without major losses.
Several studies reported reduction in denitrification losses following PCU when compared to conventional urea (Hadi et al., 2008; Halvorson et al., 2010; Hyatt et al., 2010; Asgedom et al., 2014) . PCU also presented lower NH 3 volatilization losses when compared to urea (Zhao et al., 2013) , but still higher when compared to ammonium nitrate and ammonium sulfate (Nascimento et al., 2013) .
Effect of EEFs is controversial in relation to responses in yield and better NUE by crops. Positive effects have been reported (Nash et al., 2013; Ye et al., 2013; Zhao et al., 2013; Halvorson & Bartolo, 2014; Hatfield & Parkin, 2014) . On the other hand, some studies have reported varied responses, that is, the best performance of In site 1, th remaining corn-palisa with a pop area of 72 harvested.
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The plant material collected was dried for 72 hours in a forced-air oven at 60ºC to measure dry mass. The ground material was used to measure the total amount of N and 15 N concentrations (% atoms) in an automated mass spectrometer coupled to an ANCA-GSL N analyzer (Sercon Co., UK). The total N concentrations and 15 N/ 14 N isotope ratio were calculated according to the method of Barrier and Prosser (1996) .
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where, NUE is the nitrogen use efficiency of sample (% of applied N); NRS is nitrogen recovery in soil (% of applied N); NFF is the nitrogen derived from fertilizer in each sample (kg ha -1 ) Equation (1); RN is the rate of 15 N applied at each study site.
The nitrogen use efficiency in corn plants (NUEC) was determined by summing the NUE in S, G and R. The nitrogen recovery in soil (NRS) to a depth of 1.2 m was obtained by summing the NUE in all soil layers.
The nitrogen use efficiency in the soil-plant system (NUESP-%) was obtained by calculating the sum of recovery in all evaluated compartments (Nitrogen use efficiency in palisadegrass plants (NUEP+NUEC+NRS), and the percentage of nitrogen not recovered by soil-plant system (NNRSP 2 -%) is the value corresponding to the difference between the total (100%) and NUESP.
Statistical Analyses
The results were submitted to normality and variance homogeneity tests, as well as an analysis of variance (ANOVA) by the F-test at 5% probability statistical procedures were conducted using PROC NLIN in SAS (Statistical Analysis System, version 9.2). The two experimental sites were analyzed together for the response variables if the division of the mean squared error of the ANOVA, for each site had a quotient less than or equal to 7, as proposed by Banzato and Kronka (2006) . If the null hypothesis was rejected, Fisher's least significant difference (LSD) test at p ≤ 0.05 was performed to compare the means for the fertilization treatments and the application forms for each site.
Results

Palisadegrass Dry Mass, Corn Yield and N-Leave
The dry mass of palisadegrass and corn yield did not change with fertilization treatments or with the application forms in both sites. The palisadegrass dry mass was 751 kg ha -1 in site 1 and 815 kg ha -1 in site 2. The corn yield in site 2 was 10,603 kg ha -1 , higher than site 1 with 7,916 kg ha -1 (Tables 1 and 2 ).
The N-leave was 31.5 g kg -1 and was not affected by the fertilization treatments and application forms in site 1 (Table 2); this result was lower than that found it in site 2 (Table 1) , where the N-leave was not influenced by the application forms, but the PCU30+60 resulted in higher N-leave, 6.6% more than other treatments. Note. ns not significant; * significant at 5% probability; *** significant at less than 0.1% probability of error by the F test. Note. † CUT = Conventional urea topdressing; CUP = Conventional urea at corn planting; PCU30 = PCU to release in 30 days applied at corn planting; PCU30+60 = Mixing of PCU to release in 30 and 60 days applied at corn planting.
ns not significant, * significant at 5% probability of error by the F test; values followed by the same lowercase letters in columns are not significantly different at p ≤ 0.05 according LSD test.
N Extraction and N Derivate from the Fertilizer
The fertilization treatments and the application forms did not affect the NtotP and NtotC, and were similar in both sites (Table 2) . NtotP was 19 kg ha -1 in site 1 and 16 kg ha -1 in site 2. The NtotC was 223 kg ha -1 in site 1 and 210 kg ha -1 in site 2. The N uptake in the corn plus palisadegrass was 242 kg ha -1 in site 1 and 226 kg ha -1 in site 2. NtotP in this total is only 8% in site 1 and 7% in site 2. Figure 2 shows the cumulative amount of N in the palisadegrass and corn. adegrass (NtotP urea at corn pla elease in 30 an palisadegrass w in site 1, w P (Table 3) . In Note. † CUT = Conventional urea topdressing; CUP = Conventional urea at corn planting; PCU30 = PCU to release in 30 days applied at corn planting; PCU30+60 = Mixing of PCU to release in 30 and 60 days applied at corn planting.
ns not significant, * significant at 5%, ** significant at 1%, *** significant at less than 0.1% probability of error by the F test; values followed by the same lowercase letters in columns and uppercase letters in rows are not significantly different at p ≤ 0.05 according LSD test.
Fertilization with PCU did not improve NFFP (Table 3) . For the broadcast application, the NFFP represented 13% of NtotP and 6% in the in-furrow in site 1. In site 2, there is no difference, and NFFP represented 10% of NtotP.
Difference between sites and applications forms was observed for NFFC (Table 1) . In site 1, the best form was the broadcast application, which resulted in a NFFC 1.1-fold higher than the in-furrow form (Table 3) . On the other hand, the in-furrow form resulted in 1.4 times more NFFC than the broadcast application in site 2 (Table 3) . In site 1, the NFFC with CUT was 1.36 times higher than other fertilization treatments, and in site 2, CUT provided better performance than the others, however, with no difference from CUP (Table 3) . In site 1, NFFC was 35% of the NtotC with CUT, and 27% of the average of other fertilization treatments. In site 2.1% of NtotC was derived from fertilizer with CUT and 17% in average for other fertilization treatments.
Nitrogen Use Efficiency and Nitrogen Recovery in Soil
NUEP was different between application forms between sites, as shown by the S × A interaction presented in Table 1 ; this occurs because the broadcast application was better than the in-furrow application in site 1; in site 2, both application forms promoted the same NUEP (Table 3) Vol. 11, No. 3; Broadcast application promotes 2.1% of NUEP in site 1 and 0.91% of the in-furrow application. In site 2 NUEP was 1.3% of the N-fertilizer applied. PCU did not improve NUEP (Table 3) .
There was a significant sites and application forms interaction for NUEC. The application forms were different in each site. In site 1, the best form was the broadcast application, with 6.4% more NUEC than the in-furrow application (Table 4) ; on the other hand, the in-furrow application in site 2 resulted in 11% higher NUEC than the broadcast application. In site 1, NUEC with CUT was 17.8% higher than the other fertilization treatments, and in site 2, CUT also promoted greater NUEC but without differing from CUP (Table 4) . Note. † CUT = Conventional urea topdressing; CUP = Conventional urea at corn planting; PCU30 = PCU to release in 30 days applied at corn planting; PCU30+60 = Mixing of PCU to release in 30 and 60 days applied at corn planting.
The NFFS and NRS varied among sites and application forms. PCU does not alter the NFFS compared with conventional urea in site 1; however, in relation to the application forms, the NFFS with broadcast application was 2.5 times higher than for the in-furrow application (Table 4) . In site 2, there was interaction F × A ( The CUT, PCU30 and PCU30+60 resulted in 3.13 times greater amount of NFFS in the broadcast application than in the in-furrow application. For the CUP, NFFS was the same for the broadcast or in-furrow applications. For the in-furrow application, there was no difference with respect to fertilization treatments; on the other hand, with the broadcast application of CUT, the NFFS was 1.56 times higher than PCU30 and PCU30+60, which showed 2.25 times higher than CUP (Table 4) .
In site 1, PCU did not change the NRS compared to conventional urea; but the NRS was 18.3% higher for the broadcast application than for the in-furrow application (Table 4) ; in other words, 60% more N-fertilizer was recovered from the soil in the case of the broadcast application than with the in-furrow application. In site 2, The CUT, PCU30 and PCU30+60 showed NRS 14% higher for the broadcast than for the in-furrow application. There were no significant differences between broadcast and in-furrow application for NRS of CUP. On this site, there was no difference in relation to fertilization treatments for the in-furrow application. On the other hand, with the broadcast application of CUT, the NRS was 9.75% higher than the PCU30 and PCU30+60, and NRS was 15.1% greater than CUP (Table 4) ; thus, with broadcast application, 68% more N-fertilizer was recovered from the soil than with in-furrow application.
The NFFSP 1 in site 1 for the in-furrow application recovered 81 kg ha , 24% more than other forms of fertilization (Table  6 ). In site 2, CUT recovered 32% more NFFSP with broadcast application than with in-furrow. For CUP, PCU30 and PCU30+60, there was no difference between the broadcast and in-furrow applications. For the broadcast application, CUT recovered 38% more NFFSP than the other fertilization treatments; with the in-furrow application, there was no difference in NFFSP between the fertilization treatments (Table 6 ). Table 5 . Combined analysis of variance between sites, fertilization and application forms of N fertilizer for: N from fertilizer in soil (NFFS), N recovery in soil (NRS), N from fertilizer in soil-plant system (NFFSP), N not recovered in soil-plant system (NNRSP 1 ), N use efficiency in soil-plant system (NUESP and N not recovered by soil-plant system (NNRSP 2 ) Note. ns not significant, * significant at 5%, ** significant at 1%, *** significant at less than 0.1% probability of error by the F test.
NNRSP 1 in site 1 was lower in the broadcast application than the in-furrow application. The NNRSP 1 in the broadcast application was 15 kg ha -1 , 61% less than with the in-furrow application (40 kg ha -1 ). CUP, PCU30 and PCU30+60 did not recovered 34 kg ha
The NUESP was higher in site 1 than in site 2 (Table 5 ). The results of the broadcast application in site 1 were bigger than those in site 2. The CUT had better performance in both sites, except for the in-furrow application in site 2, which had the same results as all fertilization treatments (Figure 3) . Table 6 . Analysis of variance between fertilization and applications forms for site 1 and site 2 for: N derived from fertilizer in soil-plant system (NFFSP) and N not recovered in soil-plant system (NNRSP 1 ) Note. † CUT = Conventional urea topdressing; CUP = Conventional urea at corn planting; PCU30 = PCU to release in 30 days applied at corn planting; PCU30+60 = Mixing of PCU to release in 30 and 60 days applied at corn planting.
ns not significant, * significant at 5%, ** significant at 1% probability of error by the F test; values followed by the same lowercase letters in columns and uppercase letters in rows are not significantly different at p ≤ 0.05 according LSD test. 
Discussion
The corn yield was not affected, despite differences in performance of the fertilization treatments and application mode, the N rate used, and the soil as a source of N at both sites provided the nutrient required for the yields obtained. The appropriate concentration of N in leaves (Malavolta et al., 1997) , and the similar total N in each situation, prove this assertion (Tables 2 and 3 ; Figure 2 ).
The supply of N during the corn cycle by topdressing (CUT) or gradual release of N (PCU30 and PCU30+60) was not beneficial to the plants. The N-leaves was adequate in all situations (Table 2) ; corn yield and total N accumulation were unchanged (Table 2 and Figure 2 ). The effectiveness of the PCU depends on the conditions of climate and soil (Noellsch et al., 2009; Malhi et al., 2011; Gagnon et al., 2012; Suter et al., 2013) . These fertilizers are no better than conventional urea in many conditions (Hadi et al., 2008; Hyatt et al., 2010; Massey et al., 2011; Grant et al., 2012; Halvorson & Del Grosso, 2013; Khakbazan et al., 2013) .
The PCU did not reduce palisadegrass N uptake by releasing in later times when the palisadegrass is completely shaded by the corn. This advantage is not necessary, because NFFP in both cases was small and ranged from 2% in the broadcast application and 1% in the in-furrow application in site 1 and 1.3% in site 2 (Table 3) .
Intercropping corn and palisadegrass in crop and livestock integration systems is viable because the fertilization treatments and application forms did not affect the mass production of either the palisadegrass or the corn. NFFP is 1% or less of all NPF found in the corn and the palisadegrass together. Success of intercropping corn and palisadegrass without yield reduction and with good establishment of palisadegrass are common in the literature Ceccon et al., 2013; Almeida et al., 2017a Almeida et al., , 2017b .
The conditions for NH 3 volatilization were different between sites. In site 1, fertilizer application at planting occurred seven days after a rain, when the soil was dry (Figure 1 ). This situation persisted for ten days and then it rained 62 mm in three days, which reduced the potential for volatilization in the broadcast application. Sahrawat (1984) reported that urease activity is zero in the case of dry soil conditions, and volatilization losses are negligible in conditions of low humidity. On this site rained 15 mm a few minutes after the application of CUT (Figure 1 ), which was enough for urea incorporation of the broadcast application. This statement is supported by the greater amount of NFFSP found with CUT in site 1 (Table 6) . Proctor et al. (2010) reported that to reduce losses due to ammonia volatilization after the application of urea, application should be conducted in dry soil conditions or immediately before a significant rain event.
In site 2, applications of CUP, and PCU30 PCU30+60 occurred in conditions of moist soil; there was 7.5 mm of rain before the applications and two days later it rained 4 mm, which was insufficient for incorporation of urea in the broadcast application, which enhanced the loss by volatilization (Sahrawat, 1984; Proctor et al., 2010) . Even in this situation, eighteen days after the application, it rained 50 mm in one day and 20 mm the next day ( Figure  1 ). The volatilization loss also occurred in the application of the CUT in site 2, but to a lesser extent because it rained 7 mm two days after application, 17 mm on the fifth day and 16 mm the sixth day after the application ( Figure 1 ).
The weather conditions occurring in the sites resulted in the differences in response to application modes in site 1 and in site 2, as explained S × A interactions in Table 1 and 6. In general, the broadcast application was better than the in-furrow application in site 1, and otherwise in site 2, except for the CUT, which was applied at another time, when weather conditions were more favorable to the broadcast application than to other fertilization treatments applied at planting (Figure 1 ).
The PCU did not enable the broadcast application. In site 2, where volatilization was facilitated, the PCU30 and PCU30+60 did not reduce N losses because NUEC and NUEP were equal to the CUP. With the broadcast application, these fertilization treatments resulted in recovery of 27.5 kg ha -1 in corn and 1 kg ha -1 in palisadegrass. In site 1, where water distribution favored broadcast application, PCU30 and PCU30+60 also had similar performance to CUP-corn recovered 61 kg ha -1 of 15 N-fertilizer for PCU and 66 kg ha -1 with CUP. For palisadegrass, the N recovery using PCU30 and PCU30+60 was 3 kg ha -1 and 2.7 kg ha -1 for CUP (Table 3) .
For good performance in the broadcast application, the PCUs are dependent on the rainfall distribution, as is conventional urea. The delayed release was not enough to prevent volatilization in site 2 because there were 18 consecutive days without rain after the broadcast application on soil moist (Figure 1 ). Volatilization mainly occurs in the first 2 or 3 weeks after application (Gong et al., 2013) . The EEF do not always guarantee higher efficiency by reducing N losses in broadcast application (Noellsch et al., 2009; Malhi et al., 2011; Gagnon et al., 2012; Nash et al., 2013; Suter et al., 2013) .
The greater amount of NFFS by broadcast application over in-furrow application in site 1 (Table 4 and Figure 4 ) occurred due to the dry soil condition, which reduced the loss by volatilization, and, thus, more N infiltrated into the first inches of soil. The distribution of the fertilizer on the soil surface increases the exposure of N to microbial action and, therefore, immobilization. There are other studies that demonstrated greater immobilization of nitrogen in broadcast applications than in in-furrow applications (Malhi & Nyborg, 1991; Malhi et al., 2001 ). In site 2, the N remaining after volatilization losses in the broadcast application was primarily immobilized by micro-organisms because the greater NFFS in broadcast application in relation to in-furrow in all fertilization treatments except the CUP (Table 4) . Thus, little N was available to corn and palisadegrass, which together recovered only 24%, on average, of CUP, PCU30 and PCU30+60 fertilizations. On the other hand, CUT had 38% of NUEC and greater NRS (Table 4 and Figure 4 ) because the loss of N by volatilization was lower in relation to other forms, and thus, more N remained in the soil-plant system.
The broadcast application in site 1 recovered an average of 88% in the soil-plant system, a quantity greater than for the in-furrow application, wherein the recovery was 67%. There are two reasons for this difference: (i) the efficiency of the broadcast application in this site, and (ii) the greater immobilization of N in the soil with the broadcast application (Malhi & Nyborg, 1991; Malhi et al., 2001 ).
In site 1, the rain after the broadcast application favored reduction of volatilization but damaged the incorporation of N into the soil. In this experiment, the denitrification potential was higher because the Hapludalf in site 1 have high water holding capacity due to the block structure and 590 g kg -1 clay in subsurface. This situation creates many areas of temporary anaerobiosis where denitrification occurs. Maharjan and Venterea (2013) determined higher denitrification with in-furrow application in relation to broadcast application, and when PCU was used, N 2 O losses were even greater. For Halvorson and Del Grosso (2013) , the emission of a greater quantity of N 2 O occurred with the in-furrow application with various sources of urea in relation to the broadcast fertilizer. Vol. 11, No. 3; In site 2, the NFFSP was higher with the broadcast application of CUT. At this location, the rains that occurred at the time of topdressing reduced the loss by volatilization, compared to rains at the time of planting (Figure 1 ). The N-fertilizer remaining promoted the greatest amount of N from the CUT present in the system and provided greater utilization by plants, as indicated by the greater NUEC than PCU attained by broadcasting at planting (Table 4) . The broadcast CUT also favored NFFSP and NUESP compared with broadcast CUP, PCU30 and PCU30+60, all of which had more NNRSP (Table 6 and Figure 3 ).
The NNRSP 2 in this study varied between zero and 63% (Figure 3) . Part of the losses was volatilization, mainly in the broadcast applications (Cai et al., 2002; Rochette et al., 2013) . Leaching of N is another source of loss, which was more significant for in-furrow applications because of lower soil retention due to immobilizing the N (Ottman et al., 2000; Syswerda et al., 2012) . Denitrification also resulted in loss, this process may have been more significant in furrow applications (Hadi et al., 2008; Grageda-Cabrera et al., 2011; Halvorson & Del Grosso, 2013; Maharjan & Venterea, 2013) . Finally, losses of N by the plant shoots after anthesis also happen (Farquhar et al., 1979; Francis et al., 1993) ; these losses occur in greater proportion in situations where NUEC was higher, and thus, more 15 N was remobilized from the leaves to the grains, with a greater chance of loss.
Conclusions
Corn performance neither the biomass production of palisadegrass were affected by fertilization (CUT, CUP, PCU30 and PCU30+60) or with application form. PCU does not promote greater recovery of N-fertilizer for corn and palisadegrass compared to conventional urea.
The N from the fertilizer uptake in intercropped palisadegrass is less than 1% of all accumulated N in soil-plant system and is a maximum of 2% of N-fertilizer applied.
The controlled release urea does not enable broadcast application and depends on the same climatic conditions as the conventional urea to obtain good performance.
